Objective: To compare the clinical efficacy of cyclophosphamide (CTX) and cyclosporine A (CSA) in initial treatment of children with steroid-resistant nephrotic syndrome (SRNS). Methods: Prospectively maintained databases were reviewed to retrospectively compare two cohorts with SRNS that received peroral administration of 2 to 2.5 mg/kg/d CTX for 3 to 6 months or 1 to 5 mg/kg/d CSA for 2 years until the primary analysis cut-off date during 2007 to 2011. The time to first on-study relapse of SRNS was the primary endpoint. The effective rate was the second endpoint. .0/) which permits non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).
Introduction
Primary nephrotic syndrome is a condition in which the glomeruli of the kidney leak protein from the blood into the urine. This syndrome is a common disease of the urinary system in children. [1] [2] [3] Hormone therapy is effective for most children with nephrotic syndrome, but 10% to 30% of children show resistance to corticosteroids. 4, 5 Hormone resistance continues to pose a therapeutic challenge. 6 Combined treatment with steroids and immunosuppressants is recommended as the initial therapy by the Kidney Disease: Improving Global Outcomes guideline 7, 8 and the Chinese Association of Pediatric Nephrology. Cyclophosphamide (CTX) and cyclosporine A (CSA) are frequently used for steroid-resistant nephrotic syndrome (SRNS). SRNS is associated with a 50% risk for end-stage renal disease within 5 years of diagnosis if patients fail to achieve partial or complete remission. This combination has been reported to induce and maintain remission in previous randomized, controlled studies. 9, 10 However, the long-term efficacy and prognosis of this therapy remain controversial. 11, 12 Most of the published literature has reported a success rate of 50% to 60%, but these studies included a small number of cases and evaluated different therapeutic protocols for SRNS. Recent meta-analyses failed to demonstrate any difference in the efficacy of CTX and CSA in inducing remission in children with SRNS. [13] [14] [15] The present retrospective study compared the clinical efficacy of CTX and CSA in treating children with SRNS using the time to first on-study relapse of SRNS as the primary endpoint.
Materials and Methods

Study population and endpoints
This study was approved by the Medical Ethics Committee (First Affiliated Hospital of Sun Yat-sen University) and exemption from informed consent was obtained from our responsible Investigational Ethics Review Board. A retrospective study was performed of the medical records of 127 children with SRNS who were admitted to two medical centres between April 2007 and November 2011. The following inclusion criteria were used: age range of 3 to 15 years; patients with SRNS who had previously not been treated with immunosuppressive medications; patients who were initially enrolled and were receiving peroral administration of 2 to 2.5 mg/kg/d CTX for 3 to 6 months or 1 to 5 mg/kg/d CSA for 2 years as a secondline immunosuppressive drug due to their SRNS; renal biopsy was performed in all patients at inclusion and the end of therapy; and renal pathological type was based on a previous classification standard 16 as minimal change disease (MCD), focal segmental glomerulosclerosis (FSG), or mesangial proliferative glomerulonephritis (MPG). The following exclusion criteria were used: clear secondary causes for nephrotic syndrome (e.g., systemic lupus erythematosus); previous CTX or CSA exposure or the use of any immunosuppressant or antineoplastic drugs; membranoproliferative glomerulonephritis; immunoglobulin (Ig) A nephropathy or IgM nephropathy; tumours; discontinuation or interruption of CTX or CSA treatment; abnormal endogenous creatinine clearance, liver function, or blood count; idiopathic membranous nephropathy or C3 glomerulonephritis; organ failure; or severe infectious diseases (e.g., systemic inflammatory response syndrome). The relapse rate was the primary endpoint. The effective rate was the secondary endpoint.
Definitions of descriptive variables
Definitions of descriptive variables were based on previous descriptions. 8 Nephrotic syndrome was defined as oedema, a urine protein/creatinine ratio (uPCR) !2000 mg/g (!200 mg/mmol), !300 mg/dL protein, or 3þ protein on a urine dipstick, and hypoalbuminemia 2.5 mg/L ( 25 g/L). SRNS was defined as failure to achieve complete remission after 2 months of prednisolone therapy of 1.5 to 2 mg/kg/d. Complete remission was defined as a uPCR <200 mg/g (<20 mg/ mmol) or < 1þ protein on a urine dipstick for 3 consecutive days. Partial remission was defined as a reduction in proteinuria of 50% or greater from the presenting value and an absolute uPCR between 200 and 2000 mg/g (20-200 mg/mmol). No remission was defined as failure to reduce urine protein excretion by 50% from baseline or persistent excretion of a uPCR > 2000 mg/g (>200 mg/mmol). The definition of relapse was based on evidence of a uPCR !2000 mg/g (!200 mg/mmol), !300 mg/dL protein, or 3þ protein on a urine dipstick.
Study design and treatment
A retrospective, multicentre study was performed, in which eligible patients received peroral administration of 2 to 2.5 mg/kg/d CTX for 3 to 6 months or 1 to 5 mg/kg/d CSA for 2 years. The dose of these two drugs was adjusted. Follow-up was performed at 1, 3, 6, and 12 months postoperatively and yearly thereafter. Clinical assessments (oedema, urine volume, gastrointestinal reaction, gingival hyperplasia, etc.) and the following measurements were assessed at each follow-up: 24-h urinary protein quantification, endogenous creatinine (Cl creat), estimated glomerular filtration rate (eGFR) calculated using the Schwartz formula 5 : GFR¼ k Â height (cm)/serum creatinine (mg/dL) (k ¼ 0.55 or k ¼ 0.7 [if boys ! 12 years old]), routine blood examination, routine urine examination, N-acetyl-b-d-glucosaminidase levels monitored every 3 months, liver function, biochemical analysis of blood, and drug serum concentrations.
CTX or CSA was administered in combination with prednisone (1 mg/kg/d). The prednisone dose was gradually reduced after 2 weeks of negative urine protein.
Prednisone was maintained at small doses (0.25-0.5 mg/kg) or stopped after 6 months. CTX was introduced at 2 to 2.5 mg/kg/d orally for 3 to 6 months. The mean duration of CTX treatment was 4.4 AE 1.6 months. The initial dose of CSA was introduced at 3 to 5 mg/kg/d orally, two times per day. The total blood valley concentration of initial CSA was measured after 4 to 7 days, and the CSA dosage was adjusted according to the serum concentration. The maximum dose of CSA was no greater than 6 mg/kg/d. The dose of CSA decreased when serum concentrations attained trough levels of 100 to 200 lg/L 6 to 9 months after onset. A small dose of 1 to 3 mg/kg/d was maintained after 12 months to maintain serum concentrations of 40 to 70 lg/L for a total duration of 2 years. CSA treatments that were ineffective or produced severe side effects were discontinued after 6 months.
Statistical analysis
Categorical variables are expressed as counts and percentages and were analysed using the v 2 test or Mann-Whitney U-test. Continuous numerical variables are expressed as the mean and standard deviation and were analysed using the Student's t-test. The time to first on-study relapse of SRNS was assessed using Kaplan-Meier analysis and the log-rank test. IBM SPSS Statistics, version 24.0 (IBM Corp., Chicago, IL, USA) was used for statistical analyses. A P value less than 0.05 was considered a statistically significant difference for all statistical tests.
Results
Comparison of patients and treatment characteristics
A total of 363 patients were assessed for study eligibility, and 127 patients (CTXtreated cohort: n ¼ 62, mean age: 9.6 AE 5.2 years; CSA-treated cohort: n ¼ 65, 9.5 AE 6.5 years) met the inclusion criteria ( Figure 1 ). Table 1 shows comparison of patients' demographics between the groups. The mean duration of the study at the primary analysis cut-off date was 65 months (interquartile range: 56.7-74.5) for children on CTX and 61 months (interquartile range: 57.3-66.5) for children on CSA. There was no correlation between the efficacy of CTX or CSA and onset age and clinical classification (simple or nephritic type) of the children (odds ratio [OR] 1.32, 95% confidence interval [CI] 0.21-2.47, P ¼ 0.65). Serum creatinine levels did not significantly change before or after treatment in 20 children, but two showed acute kidney injury within 1 week after treatment, both of which were reversible. Three patients who were treated with CSA for 2 years showed no CSA-related tubulointerstitial fibrosis after repeated renal biopsy. Two patients had end-stage renal lesions, and the pathological type was focal segmental glomerulosclerosis. One patient with tubulointerstitial lesions before treatment was invalid for CSA treatment. One patient with partial remission following 2-year CSA treatment underwent repeated renal biopsy, and we found no change in CSA-related renal interstitial fibrosis. Two patients entered endstage renal failure at 4 and 5 years of disease duration.
Comparison of the relapse rate between the groups
The relapse rate per year of the CTX and CSA groups was significantly decreased at the end of treatment (P < 0.05) and at the final follow-up (P < 0.05) compared with before therapy (Table 2 ). The 5-year total relapse rates of the CTX and CSA groups were 11.2% and 6.2%, respectively. The 5-year relapse rates of the CTX and CSA groups were 10.5% (4/38) and 5.7% (2/35), respectively, in children with MCD. The CSA group showed a significantly delayed time to first on-study relapse of SRNS compared with the CTX group (hazard ratio 0.82, 95% CI 0.47-1.93; P < 0.0001). Six patients showed complete remission following initial CSA treatment, relapse during small doses of maintenance therapy, and the presence of CSA resistance, in which conversion to tacrolimus was effective. Two children with FSG showed a rise in serum creatinine levels at the end of 2 years of treatment, the eGFR decreased to 60 mL/(min Â 1.73 m 2 ), and the disease entered the stage of renal failure in 5 years. Eight children were no longer treated with CSA after 6 months because of CSA resistance. Five of these patients showed normal renal function, and three with FSG entered end-stage renal failure after 1 year and were required to undergo peritoneal dialysis treatment. 
Comparison of the effective rate of treatment between the groups
The mean time to first on-study relapse was 6 months with CTX compared with 10 months with CSA (hazard ratio 0.63, 95% confidence interval 0.12-3.71; P ¼ 0.0001). Twenty-four patients in the CTX group showed complete remission at the final follow-up, eight showed partial remission, and 30 showed no effect. The total effective rate of CTX was 51.6%. Thirty-five patients in the CSA group showed complete remission at the final follow-up, 11 showed partial remission, and 19 showed no effect. The total effective rate of CSA was 70.8%. The total effective rate of the CTX group was significantly lower than that in the CSA group (P ¼ 0.027) ( Table 3 ). The effective rate of CSA treatment (47.5%, 19/40) was significantly higher than that for CTX treatment (21.1%, 8/38) in children with MCD (P < 0.001). The effective rate of CTX treatment (31.3%, (5/16) was significantly different from that of CSA treatment (33.3%, 5/15) in children with FSG. No significant differences were detected in the distributions of the sex ratio, pathological type, and clinical type between the groups. Analysed using the independent-samples t-test; b analysed using the chi-square test; c analysed using the Mann-Whitney U-test. CTX: cyclophosphamide; CSA: cyclosporine A; MCD: minimal change disease; FSG: focal segmental glomerulosclerosis; MPG: mesangial proliferative glomerulonephritis; SRNS: steroidresistant nephrotic syndrome, eGFR: estimated glomerular filtration rate (according to the Schwartz formula); Scr: serum creatinine; NKF K/DOQI CKD stages: National Kidney Foundation Kidney Disease Outcomes Quality Initiative stages for chronic kidney disease; SP: systolic pressure; DP: diastolic pressure; Cl creat: endogenous creatinine.
Remission analysis in the CTX group
The dose of prednisolone in the CTX group gradually decreased during the treatment period. The time for urinary protein to turn negative in nine children with complete remission ranged from 10 to 240 days, with an average of 116 days. Twenty-four patients were followed up for 5 years and showed complete remission with no relapse. Six patients with relapse showed remission after treatment combined with azathioprine and small doses of prednisone. Eight cases of partial remission in children showed persistent proteinuria (þ to þ þ) and normal renal function, and two of these patients successfully converted from CTX to CSA. Seventeen of the 30 children who failed to respond to this CTX course were converted from CTX to CSA. Nine of these patients showed a successful effect, and eight of these patients failed to respond to the CSA course.
Remission analysis in the CSA group
The dose of prednisone was significantly reduced from 40 to 10 mg during treatment in the CSA group. The time for urine protein to turn negative in 35 children with complete remission was 5 to 240 days, with an average of 49 days. Thirty patients who showed complete remission were followed up for 5 years and had no relapse. Five (5/35) patients had relapses; three of these patients received additional CSA and two showed reappearance of hormone effects. The other 11 patients showed partial remission following introduction of CSA, and five of these showed sustained proteinuria (þ) throughout the follow-up period.
Adverse effects
With CTX, nausea was observed in 3/62 cases, fungal infection in 4/62 cases, reversible hair loss in 2/62 cases, leukopenia in 5/62 cases, and alopecia in 2/62 cases. With CSA, nausea was observed in 4/65 cases, fungal infection 3/65 cases, reversible hair loss in 3/65 cases, tremors in 3/65 cases, leukopenia in 3/65 cases, hirsutism in 4/65 cases, and alopecia in 3/65 cases. There was no significant difference in distribution of complications between the groups.
Discussion
The present study followed children with SRNS for a mean of 5 years. The most important finding was that hormone treatment in combination with CSA was associated with a significantly lower relapse rate and significantly longer relapse-free period compared with hormone treatment in combination with CTX in children with SRNS and MCD.
These findings are consistent with those by Drube et al. 17 Our 5-year relapse rate (6.2%) indicated that hormone treatment in combination with CSA is reliable. Other studies 7, 12, 18, 19 that compared the clinical efficacy of CTX and CSA for treating children with SRNS reported similar results. Wu et al. 2 detected a lower rate of relapse in children with SRNS receiving hormone treatment in combination with CSA compared with hormone treatment in combination with CTX at a mean follow-up of 23 months. The present study showed a significant difference in relapse rate between the groups, but this is inconsistent with several previous studies that demonstrated an absence of a significant difference in the relapse rate. 3, 13, 14, 20 A prospective study by van Husen et al. 5 included 35 children with SRNS who underwent CTX or CSA treatment and showed no significant difference in relapse rates.
The incidence of SRNS in children is reported to be 16/100,000, with a new incidence of 2 Â 10 À5 to 7 Â 10 À5 per year, and one in approximately 6000 children show nephrotic syndrome.
2,6,17 SRNS does not respond to hormone therapy, and proper treatment needs to be initiated as soon as possible to avoid the side effects caused by the long-term use of hormones. 6, 7, 14 In children with SRNS, hormone treatment combined with immunosuppressive agents is a common consensus. 2, [21] [22] [23] Currently, the most common immunosuppressive agents are CTX and CSA, but there are different reports of the efficacy of these agents in the published literature. 1, 13, [21] [22] [23] [24] In the present study, the 5-year total relapse rates of the CTX and CSA groups were 11.2% and 6.2%, respectively. The relapse rates of the CTX and CSA groups were 10.5% and 5.7%, respectively, in children with MCD. A prospective study by Westhoff et al. 23 investigated 112 children with SRNS who were treated with prednisone in combination with CTX or CSA. In their study, the relapse rates of MCD, MPG, and FSG in children were 8.8%, 12.5%, and 6.5%, respectively. The relapse rate of children with SRNS who were treated with CSA and followed for more than 1 year could reach 12% to 27%. However, a meta-analysis by Fu et al. 14 showed no significant difference in the relapse rates of CTX or CSA in children with MCD or FSG. In previous studies on the prognosis of SRNS, multivariate analysis showed that the relapse rate of children with MCD was significantly lower than that of children without MCD. 4, 7, 8, 11 In the present study, no significant difference was detected in the relapse rate of children between MCD and FSG, regardless of CTX or CSA treatment. A recent retrospective study of 67 children with SRNS who received combination CSA and hormone therapy showed that the relapse rate in MCD cases was 0% (0/65) and that in the family hereditary FSG was 88% (46/52), but a significant difference between groups was not detected. 12 The present study did not investigate the genetic background of FSG. Further study is required on the effects of familial and non-familial genetic FSG on immunosuppressive agents. We found that the relapse rate of CSA treatment was lower than that with CTX treatment in children with MCD, but there were no significant advantages for CSA treatment in children with FSG. Evidencebased medicine analysis has shown that the relapse rates of CSA-treated children with MCD and FSG are not superior to placebo. 9, 12, 23 However, the effectiveness of CSA in children with FSG is not significantly different from the placebo group. Therefore, a prospective, randomized, controlled study with a larger sample is required to clarify whether CSA is superior to CTX for treating children with FSG.
The present study compared the onset age, clinical classification, and efficacy of CTX or CSA in children. Onset age and clinical classification (simple or nephritic type) of the children were not significantly correlated with the efficacy of CTX or CSA. Multivariate analysis of SRNS has suggested that age is one of the factors influencing prognosis, but previous studies lacked further analyses of confounding factors. 11, 19, 24, 25 This study eliminated the effects of the different treatment regimens and showed that onset age did not affect the prognosis of SRNS. The safety of long-term application of inhibitors, such as CTX or CSA, is a major concern. Infection is a common problem with application of immunosuppressive agents, especially in chickenpox, herpes simplex, carinii, and other special pathogens, with a high fatality rate. 4, 6, 7, 16, 25 Only one case of varicella occurred without herpes simplex encephalitis in the present study. A preliminary study of respiratory and urinary tract infections showed that approximately 20% to 30% of children in the two groups were prone to recurrent respiratory or urinary tract infections. 12 No severe adverse effects of haemorrhagic cystitis were observed in the CTX group because we ensured that patients received adequate hydration and alkalization during the course of clinical treatment.
CSA was first used for treating SRNS in 1993, and it is currently widely used, but limited to short-term treatments. 3, 15, 21 One important reason for the short course of treatment is that CSA has obvious side effects of renal interstitial fibrosis. 12, 14, 18 Recurrence of renal disease is common after cessation of CSA treatment, with a recurrence rate of 44% at 12 months of treatment. 2, 4, 15, 17 This rate has led to clinical extension of CSA treatment. The present study showed that that long-term CSA treatment reduced relapse rates. The renal toxicity of CSA has become the focus of attention in recent years. An open, nonrandomized, retrospective study by Sumegi et al. 12 examined repeated renal biopsies in children with SRNS who were treated with small doses of CSA for longer than 2 years. These authors found no change in renal fibrosis or drug toxicity. The present study showed that renal failure in children may be associated with persistent proteinuria and the natural course of the disease itself. A small dose of CSA (1-5 mg/kg) maintained at 40 to 70 g/L serum concentrations and long-term maintenance therapy was safe in our study. Notably, four patients developed elevated N-acetylb-d-glucosaminidase levels, which indicated renal tubular injury. Further studies and monitoring are required to understand renal injury because of the small number of repeated renal biopsies in this study.
CSA-induced nervous system side effects are rare, 1, 7, 12, 22, 26 but headache, insomnia, tremors, and anxiety may occur. 3, 11, 12, 27 Some symptoms, such as aphasia, hallucinations, convulsions, and coma, may be encountered in severe cases. 7, 14, 16 Nervous system side effects are independent of the CSA dose and may occur at small doses. 6, 7, 11, 17 A total of 30% of patients with SRNS show a low density of white matter in the brain.
1,12,13 Rosti et al. 28 showed that children receiving CSA treatment without persistent abnormalities on electroencephalogram have a better prognosis. One patient suffered from headache 1 day after drug treatment in the present study. One patient suffered convulsions once after a 2-year treatment, but showed no lesions of brain white matter in computed tomography, with mild brain atrophy and a normal electroencephalogram. The neurological symptoms of 2 children were relieved, and their prognosis improved. Our data showed that the toxic and side effects of CSA may be controlled or relieved by treatment. None of our patients discontinued treatment because of side effects. There are some limitations in this study. First, the retrospective nature of the study limits the level of confidence of our conclusion. Second, there may have been selection bias, which may have reduced the strength of our findings. However, this effect may have been limited because a high participation rate of 76% of patients was achieved in the present study. Third, our study lacked genetic investigation. Finally, every attempt was made to adjust for all potential confounders, but other unmeasured factors may also be relevant.
In conclusion, the combination of hormone and immunosuppressant (CTX or CSA) treatment achieves good results in children with SRNS. The total effective rate of the CSA-treated cohort was better than that of the CTX-treated cohort, especially in children with MCD. Evaluation of the efficacy of CTX or CSA in children with SRNS should be further investigated using randomized, controlled trials, and the long-term effects and side effects should be noted.
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